SYNOPSIS
Parathyroid hormone has been known to exert an important action not only on bone but also on the ground substance of other connective tissue.
The relationship between parathyroid hormone and acid mucopolysaccharide (abbreviated as AMPS), as important constituent of the ground substance was suggested by the theory of Collip (1934) and Selye (1942) as regards the direct action of parathyroid hormone on bone, and by the theory of Gersh and Catchpole (1950) , that depolymerization of the ground substance of connective tissue occurs in certain physiological states and in many pathological conditions and that this depolymerization results in the production of soluble glycoproteins from the connective tissue. Engel (1952) explained the elevation of serum mucoid following parathyroid extract (abbreviated as PTE) administration with the appearance of degradation product of bone matrix in the blood stream. Shetlar et al. (1956) also suggested a specific action of PTE on elevation of serum mucoid.
Based on the elevation of 35S in the long bone and the other tissues following PTE administration, Bronner (1957) concluded that PTE acts on the AMPS of bone matrix in addition to bone mineral.
Although changes in AMPS were already studied upon induction of experimental hyperparathyroidism through PTE administration, no corresponding studie have been made upon restriction of dietary calcium and phosphorus or parathyroidectomy until the present study. subcutaneously injected in the back.
In the second group, 5 rats were parathyroidectomized through the electric cautery under ether anesthesia. In the four groups given the controlled diet, the high phosphorus group showed a significant increase in excretion, while the low calcium group showed a slight increase 24 hrs. later followed by a pattern similar to that of the controls. The high calcium and the low phosphorus groups gave patterns quite similar to those in the controls, although total excretion was decreased.
Tissue distribution of 35S
While the administered 35S widely distributed throughout each tissue of the organism, specific changes were seen in organs which are intimately related to parathyroid hormone. The results are expressed as the rate of changes in 35S concentration when the control level was expressed as 1.0 (Figs. 3 and 4).
In bone tissue, 35S distribution showed an 
DISCUSSION
The report of Gersh (1950) on the changes in connective tissue leading to depolymerization suggested the significance of the metabolism of ground substance in various diseases.
Studies on the relationship between parathyroid and the ground substance were carried out mainly on hydroxyproline by Klein et al. (1962) and Dull and Henneman (1963) , while only the studies by Shetlar et al.(1956) and Bronner (1957) are available concerning AMPS.
When 35S-sodium sulfate is given to an organism, most of the 35S are excreted as inorganic sulfuric acid rapidly into urine and a small portion is incorporated into AMPS and then excreted (Dziewiatkowski, 1952; Bronner, 1961; Koizumi and Mituya, 1964) . Most of the 35S absorbed in the connective tissue are connected with the sulfuric acid of mucopolysaccharide (Bronner 1961) . Dziewiatkowski et al.(1957) and Shetlar et al.(1961) separated AMPS with 35S from tissue homegenate of kidney and bone of the rat by means of paper chromatography and identified it as chondroitin sulfuric acid A. Di Ferrante (1963) and Rich and Meyers also (1955) reported that most of the AMPS inurine is chondroitin sulfuric acids.
In this study, 35S excretion showed the highest peak at the 12 hrs. followed by a gradual decrease. Within the 48 hrs., 52.5% was already excreted in urine in the control group and more than 77% in the group given 300u of PTE, while higher values were also obtained in the groups given 5u of PTE for 20 days or 100u of PTE. Moreover, the low calcium and the high phosphorus groups also showed a high excretion rate.
It is, therefore, evident that urinary excretion of 35S increased in experimental hyperfunction of parathyroid, probably due to the effect on ground substance which released AMPS, causing an increased excretion of 35S in urine.
On the other hand, urinary 35S excretion rate was rather low in the hypoparathyroid groups maintained high calcium and low phosphorus diets. A decrease by 12% from the control level was seen in the parathyroidectomized group. From thees results, changes in ground substance appear to be small in parathyroid hypofunction.
35S concentration in bone tissue showed a marked increase in the hyperparathyroid groups especially in the incisor, epiphysis and diaphysis. On the contrary, the changes were mild in hypoparathyroid groups with a tendency of slight decrease.
Such changes in bone tissue were especially pronounced in the incisor and epiphysis on the process of growth rather than the diaphysis.
Metabolism of calcium and phosphorus (Bronner 1961) and AMPS Engfeldt and Hjerlquist, 1954; Kent et al., 1956; Dziewiatkowski et al., 1957 ) is known to be especially active in the epiphysis.
A pronounced increase in 35S following PTE administration might be due to the accumulation of AMPS as the repairing process of changes in bone induced by resorption.
In addition to the theory of Collip (1943) on the direct action of PTE on bone, Kawamura (1961) also observed appearance of osteoclasts and osteoclastic resorption of bone in response to PTE administration. On account of such influence of PTE, AMPS is released to blood stream in connection with the early destruction of bone. Increase of urinary AMPS then takes place and a secondary increase in AMPS in bone was found as the repairing process of the destroyed bone. Kawamura (1961) observed the appearance of osteoclasts in the low calcium and the high phosphorus groups. The increase of 35S in the low calcium and the high phosphorus groups in the present experiment is therefore probably due to the resorption and destruction of bone rather than the direct effect of diet itself.
An intimate connection was thus suggested between AMPS in bone and in urine upon parathyroid dysfunction. Such bone changes were even more pronounced in continuous parathyroid hyperfunction than in the temporary parathyroid hyperfunction. The high phosphorus diet group and the group given a small dose of PTE for a long period thus demonstrated more severe changes. Shetlar et al.(1961) demonstrated an increase in AMPS in the kidney homogenate following PTE administration and this result was confirmed by radio-autography. Bradford et al.(1959) obtained similar result. Nishiyama (1962) further emphasized the important role of AMPS in the mechanism of pathological calcification.
Parathyroid hyperfunction induced by long term maintainance on low calcium is considered to be caused by the decrease in serum calcium due to calcium deficiency, while high phosphate diet probably causes hyperphosphatemia and secondary parathyroid hyperfunction in an effort to maintain the homeostatic mechanism of the organism.
Such chronic parathyroid hyperfunction makes the renal changes even more pronounced. Thus Kawamura (1961 Kawamura ( ), 6 (1960 and others demonstrated histologically necrosis of kidney parenchyma, degeneration of tubles, and calcium deposition. Tsuji and Fujita (1964) reported the increase of AMPS in the interstitial tissue of the kidney accompanying the organic changes in diseases of the kidney, interpreting these results as one of the reparatory phenomena.
From these results, the increase in 35S in parathyroid hyperfunction might be considered part of the reparatory process in the interstitial tissue accompanying renal damage although the possibility of non-specific uptake of 35S by tissues cannot be ruled out. Increase of AMPS mobilized in the process of renal calcification also remains a possibility.
Relationship between the parathyroid and liver was pointed out by Underhill (1914) and Seta and Obara (1950 , 1952a , 1952b , 1953 , who emphasized functional disturbance of the liver upon parathyroidectomy. Yoshinari (1964) prepared biliary fistula in dogs with abnormal parathyroid function to study the excretion of calcium and phosphate using isotopes and concluded the presence of an intimate relationship between the calcium and phosphorus metabolism of the organism and the liver.
In the liver, increase in 35S was demonstrated in the group with parathyroid hyperfunction. The change was more pronounced in the group with long term parathyroid hyperfunction due to controlled diet than in the groups given a single dose of PTE. strated degeneration and necrosis of the liver with histological and electron microscopic technic under parathyroid dysfunction. These changes were more intense in the group with parathyroid hyperfunction.
From these results the increase in 35S appears to reflect at least partially the increase of AMPS in the reparatory process of the hepatic tissue. Balasubramanyan (1953) , Lupu (1962) and Galambos (1963) reported the increase in AMPS in the liver during abnormal proliferation of the interstitial connective tissue of the liver. Such increase in 35S during parathyroid hyperfunction therefore appears to be due to the increase in AMPS in the reparatory process of liver injury especially the necrosis.
The relationship between the parathyroid and muscle was studied by Kikuchi (1962) and Tono (1964) . An intimate connections appears to exist between these two organs during parathyroid hyperfunction especially concerning calcium and phosphorus metabolism.
35S increased in the muscle during parathyroid hyperfunction, probably due to the intramuscular storage of AMPS which was increased in blood similar to other tissue.
Concerning the skin, increase of AMPS was pointed out when abnormal state of the interstitial tissue of the skin prevailed. Miki and Nagano (1964) and others pointed out the important role of the AMPS in the ground substance in various diseases of the connec tive tissue represented by collagen disease.
In the skin, a marked increase was noted in the group with parathyroid hyperfunction. Although the mechanism of such action is still obscure, the presence of abundant AMPS in the skin and the action of PTE on the bone, liver and kidney might indicate an intimate relationship between parathyroid function and AMPS metabolism. Bollet et al.(1957) , Schiller and Dorfman (1957) and Kerby (1958) had reported that AMPS is combine with serum protein and such complex apparently circulates through the blood stream, so that AMPS is present as chondroitin sulfuric acid in normal blood. In disease and infection, an elevation of AMPS was found (Hauss and Hauelsing, 1961) .
In the present experiment, 35S concentration was increased in albumin and r-globulin fractions in hyperparathyroid groups, the groups given PTE, the low calcium and the high phosphorus groups. A tendency of increase was noted in a-globulin fraction in all experimental groups. Changes in serum protein fractions which frequently take place in diseases of the connective tissue might be related to fluctuations, of 35S in each fraction. Changes in 35S in these fractions in experimental abnormal parathyroidism might suggest the effect of parathyroids on ground substance. Shetlar et al.(1956) inactivated the serum calcium elevating action of PTE with formalin and still observed the effect on serum mucoid. Besides the actions on calcium and phosphorus metabolism, PTE might exert a specific action on AMPS. Changes on 35S. fractions in protein fractions due to PTE in the present experiment might be due to the changes in AMPS in response to such specific action of PTE.
From these results, it might be concluded that AMPS widely distributed in various tissues throughout the organism had an intimate relationship with parathyroids. Abnormal parathyroid function always influences AMPS metabolism in a close functional correlation between parathyroids and the ground substance.
SUMMARY
Relationship between parathyroid function and AMPS was studied in experimental hyperand hypoparathyroidism in mature rats using 35S-sodium sulfate .
Urinary excretion of 35S showed a marked increase in animals with parathyroid hyperfunction. Increase of 43% was seen in the group given 300u of PTE. Urinary excretion was generally decreased in animals with parathyroid hypofunction. The parathyroidectomized group showed an especially low value of 15% less than the control level.
In bone tissue a pronounced increase in 35S was seen in the groups given PTE , especially distinctly in incisor and epiphysis during the process of growth. In groups with para-thyroid hypofunction, the high calcium, the low phosphorus diet and the parathyroidectomized groups showed a decrease. Changes of 35S concentration was most pronounced in bone tissue, where the metabolism of AMPS mainly took place.
In the kidney and liver, 35S concentration was increased in parathyroid hyperfunction, probably representing the increase of AMPS in the reparatory process of the tissue injured by hyperfunctioning parathyroids. 
